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Purpose. Determination of the possibility of infinitely variable control of the angle of closure delay of the inlet
valve of a four-cycle internal combustion engine at a fired engine in order to improve the cylinder weight charging by
means of the method of infinite variation of the camshaft angular rate at the end of the intake phase.

Methodology. An analytical model of determination of the law of instantaneous reduction ratio j,,, is worked
out and it is proposed to rotate the inlet valve shaft unevenly, changing unevenness consecutively and infinitely. Un-
evenness degree is varied by shift of phases of two identical periodical laws of uneven rotation.

Findings. A curve explaining the character of variation of reduction ratios between the camshaft and the crankshaft
of the four-cycle four-cylinder engine is obtained. Along the crankshaft rotation angle there are regular intervals of the
moments of the start of fuel mixture or air feed into the cylinder. Curves ®™ ), u)‘((ﬂ), oa”(q)z) are shown; they explain
the degree of variation of angular rate of the camshaft (inlet valve drive shaft) for the maximum operating mode of the
internal combustion engine (w,™) and two high-speed modes (,' and ,'") at reduced values of rotation frequencies
of'its shaft (0,™* > w,"). Unevenness of the analyzed rotation of the camshaft is increased when the engine crankshaft
turns decrease, or it may remain unchanged. It is proposed to use a planetary-lever controlled drive for the camshaft
drive and the drive kinematic scheme is presented.

Originality. A method for improvement of the engine cylinder weight charging due to infinite variation of the cam-
shaft angular rate at the end of the intake phase and infinite control of angular rotation rate (of the camshaft) of the
inlet valve drive shaft is worked out; a kinematic scheme of a double planetary-lever drive is proposed

Practical value. Implementation of the proposed method and device of control of inlet valve closure delay angle in
internal combustion engines, and the worked out method for control of the angle rate of the inlet valve drive shaft
enables infinite control depending on the fired engine operating mode. It also allows provision of optimum angle of
inlet valve closure delay during the intake phase and improvement of weight charging of the cylinders with fuel mix-

ture or air at medium and low frequencies of the engine speed range.
Keywords: four-cycle engine, camshaft, cylinder weight charging, intake phase, inlet valve

Introduction. Real load of modern automobile en-
gines is rather low under operating conditions. The
share of low-load modes and idle running, as stated in
[1], reaches 50 % and more. As these modes are charac-
terized by high fuel expenditure and deterioration of
ecological qualities, further improvement of operation-
al, economic and ecological performance of low-load
modes presents topical problems of modern engine in-
dustry. Incomplete load of a passenger bus engine is
confirmed by traffic density research described in [2].
Paper [3] shows that diesel operation fuel efficiency is
mainly determined by the economy of low-load and idle
running modes. The share of such modes in the whole
motor potential is significant. So, the load factors of au-
tomobile and tractor diesels are 0.6—0.5, and for loco-
motive diesels they reach 0.3—0.2. The importance of
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these modes is confirmed by the fact that in European
driving cycle, typical of transport operation in contem-
porary megapolises, the share of such modes makes
30 %. Increased specific fuel consumption in such mo-
des reduces the efficiency of productive work, raises the
cost of transport.

Systems of gas distribution phases change depending
on the manufacturer, analyzed in [4], work according to
the principle of the change of angle position, but they
have similar parameters of regulation of gas distribution
phases. For example, BMW VANOS and DOUBLEVA-
NOS allow changing the phases of only inlet or both
camshafts, respectively. The mechanism action princi-
ple is based on movement of the intermediate part with
screw slots transforming the linear movement into cam-
shaft turn-through in relation to the sprocket of the gas
distribution chain. Toyota VVT enables smooth chang-
ing of gas distribution phases in accordance with condi-
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tions of engine operation. As to its structure, the mecha-
nism is similar to a blade pump whose rotor turns in re-
lation to the body under the action of oil pressure force.

Some manufacturers tend to regulate inlet and outlet
valves, others only change phases of inlet valves and
consider it unprofitable to complicate the design.

The previous experimental research on the process
of charging the internal combustion engine cylinders at
different frequencies [5] demonstrates that every fre-
quency of crankshaft is to be matched by the most prof-
itable inlet valve closure delay angle at which weight
charging of engine cylinders with fuel mixture (air) at-
tains the maximum value. To solve this problem it is ex-
pedient to develop a new method of infinite control of
angular rotation rate (of the camshaft) of the inlet valve
drive shaft and a device.

Analysis of the recent research and publications. Aim-
ing at obtaining high technical, economic and ecological
performance of diesel engine 4DTNA2, research de-
scribed in [5] was performed to improve the processes of
mixing, burning, heat transfer, characteristics of gas tur-
bine pressure charging. Improvement of the processes of
gas exchange in the diesel engines is of great importance.
High quality of processes of emptying and filling cylin-
ders with air mainly depends on the value of flow section
of gas distribution elements and time of their opening.
Increase in flow sections is usually restricted by the size of
the cylinder while the time of opening is determined by
gas distribution phases, i.e. moments of opening and
closing of inlet and outlet elements (valves). Not only in-
dices of the quality of cylinder emptying and filling but
also the value of work required by gas exchange (pumping
expenditure) depend on gas distribution phases. Research
in [5] aiming at the choice of gas distribution phases of
high-speed four-cycle diesel 4DTNA shows that gas dis-
tribution phases depend on rotation frequency, the degree
of engine forcing, characteristics of gas turbine compres-
sor, conditions (resistance) during the phases of engine
inlet and outlet. Hence, the choice of rational phases of
gas distribution is a topical and important scientific and
engineering problem.

A significant part of experiments and analytical cal-
culations as for researching the process of filling the cyl-
inders of internal combustion gasoline engine with fuel
mixture or diesel engine with air, shown in Fig. 1, pro-
vide the possibility to make the following observations:

a) at great speeds of the crankshaft the force of iner-
tia of fuel mixture or air motion in the inlet manifold
increases sharply. At the same time the pressure in the
cylinder at the input phase and at the beginning of com-
pression stroke reduces. Increase in the flow inertia
force and decrease in pressure in the cylinder result in
growth of additional charge and complete cessation of
reverse emission;

b) at medium speeds of the crankshaft the force of
inertia of fuel mixture or air flow moving in the inlet
manifold increases, input pressure simultaneously de-
creases, and, consequently, pressure in the cylinder at
the beginning of compression stroke also decreases. So,
additional charge begins near the bottom dead center,
and gradually transforms into reverse emission;

ISSN 2071-2227, HaykoBui BicHuk HI'Y, 2017, N2 5

c¢) at low rotation rates of the engine crankshaft the
force of inertia of fuel mixture or air motion is not large.
Along with this phenomenon, the input pressure ap-
proaches the atmospheric pressure as the speed of mix-
ture or air input into the cylinder is insignificant. As a
result, at low speeds of the piston, reverse emission is
observed as early as at inlet valve closure delay angle of
20° and it increases with the growth of this angle.

Analytical calculations and experiments related to
research on the processes of filling the engine cylinders
with fuel mixture are described in [3]. The results of cal-
culations and experiments with camshafts and different
inlet valve closure delay angles ¢, are shown in Fig. 1.
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Fig. 1. Graphs of weight charging of the cylinders of inter-
nal combustion engine at different angles of inlet
valve closure delay

It can be determined from the mentioned research
and shown graphs that if the engine crankshaft rotation
frequency is lower than the rated value, it is accompa-
nied by analogous decrease in rotation frequency of the
camshaft, and motion speed and force of inertia of fuel
mixture flow through the inlet hole at the end of input
phase during the period of the angle of inlet valve clo-
sure delay.

In the zone of medium and low frequencies of the en-
gine high-speed range it results in reduction of additional
charging and reverse emission of fuel mixture. So, to
solve this problem, a method of infinite control of the
angle of inlet valve closure delay is proposed. It will make
it possible to increase weight charging of the engine cylin-
ders with fuel mixture. This method is shown by a smooth
curve joining the graphs in the upper part of Fig. 1.

To provide increase in weight charging of the cylin-
ders of internal combustion engine in crankshaft medi-
um and low frequency range with fuel mixture or air the
authors (A.S. 620643 SSSR, MKU F 01L 1/12, Patent
2046963 Rossii, MKHM F 01L 1/12) proposed additional
devices. Such engineering solutions are original but they

57




FTEOTEXHIYHA | TIPHWYA MEXAHIKA, MAIWWHOBYYBAHHA

contain certain faults preventing their implementation
into production.

Objectives of the article. Determination of the pos-
sibility of infinite control of angle of four-cycle internal
combustion engine inlet valve closure delay with the aim
of improvement of weight charging of the cylinders by
means of the method of infinite change of angular rate
of the camshaft at the end of input phase.

Presentation of the main research and explanation of
scientific results. To realize the proposed method it is
necessary to transfer rotation from the crankshaft to the
inlet valve drive shaft in such a way that instantaneous
reduction ratios between the said shafts smoothly change
at engine partial modes within every operation cycle in
accordance with the established periodic law. In this
case the inlet valve drive shaft will rotate unevenly. It will
determine optimum values of camshaft angular rate and
weight charging of the cylinders at the period of the an-
gle of inlet valve closure delay at the input phase. Shift of
phases of uneven rotation periodic laws is performed
with this purpose.

The proposed method works in the following way.
The inlet valve drive shaft is rotated unevenly accord-
ing to the determined law of reduction ratio j,,

Jo) = wZ((pZ)/w]:

where ¢, is the value of the angle of camshaft rotation
(the inlet valve drive shaft); w; is the angular rate of the
engine crankshaft; , is the angular rate of the camshaft
(the inlet valve drive shaft).

The curve characterizing the change of reduction
ratios between the camshaft and the crankshaft of the
engine is shown in Fig. 2. As an example, the curve is
shown for a four-cycle four-cylinder engine with regu-
lar intervals along the angle of crankshaft turn of the
moments of start of feeding the fuel mixture or air into
the cylinders. Between the crankshaft and the inlet
valve drive it is necessary to provide a period of itera-
tion of the law of instantaneous reduction ratios, equal
to the minimum period of alternation of time intervals
along the angle of rotation between the consequent
moments of the start of feeding the fuel mixture or air
into the cylinders.

In Figs. 1—4, the following designations are used: @,
is the minimum period of change of function wy,;, is
the angular rate of rotation of the inlet valve drive shaft;
@, is the angle of rotation of the camshaft (inlet valve
drive shaft) during the minimum period of alternation of
time intervals between consecutive moments of the start
of feeding the fuel mixture or air into the cylinders; @,
is the duration of the phase of input of fuel mixture or air
into the cylinder of an internal combustion engine; © 4,
is the angle of preliminary opening of the inlet valve;
Pmi — duration of the main input; @ is the angle of
delay of inlet valve closure.

Durations ¢4, of the angle of delay of inlet valve
closure at the phase of input of the fuel mixture or air
into the cylinders of multi-cylinder internal combustion
engines correspond to the cross-hatched area in the Fig-
ure. Adjacent areas in these Figures correspond to op-
eration of the valves of different cylinders.
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Fig. 2. Realization of the change of reduction ratios for
a four-cycle engine with regular alternation of the
input phases

The law of change of instantaneous reduction ratio
Jp2) is determined identical for all the periods of the
input phase at every partial mode of the engine opera-
tion. It increases identity of the processes of weight
charging of different cylinders of the engine with fuel
mixture or air. The value of reduction ratio for the
cross-hatched area of the input phase is maintained
higher than its average value j, during the period @, of
the change of angular rate ), it provides the re-
quired intensification of the process of weight charging
of the cylinders within a wide speed range of the inter-
nal combustion engine.

Duration of the input phase equals

(Din = (ppoiv t @i + Paive-

The number of the periods of oscillations of the
camshaft uneven rotation during the whole cycle of the
crankshaft can be assigned according to the number of
the engine cylinders. As an example, realization of the
new method for a four-cycle engine is shown in Fig. 1. If
the start of input phase and the start of the assigned os-
cillations of the camshaft are located at the same point
A, the complete period of shaft oscillations will be per-
formed from point A to point C and will belong to the
angle @0y + Pmi of the preliminary opening of the inlet
valve and main input. Half of the following period of
camshaft oscillations from point C to point D corre-
sponds to the inlet valve closure delay angle @gu.. As at
this section the angular rate of the camshaft uneven ro-
tation exceeds the average one, value @,,. will reduce.

A periodic curve in Fig. 3 explains the value of
change of this reduction ratio.

Curves 0™ ), @' (g2, ©" (4 in Fig. 4 explain the
value of change of the angular rate of rotation of the
camshaft (the inlet valve drive shaft) for the maximum
mode of internal combustion engine operation (w,"*)
and two high-speed modes (»', and w'',) at reduced val-
ues of rotation frequencies of its shaft (w,"*> o', > @'l,).

In this Figure the straight dotted lines denote aver-
age values of the angular rates w,.
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Fig. 3. Value of change of the inlet valve closure delay
angle depending on the reduction ratio

Fig. 4. Value of change of the angular rate of rotation of
the camshaft (the inlet valve drive shaft), de-pending
on the rotation frequency of the engine crankshaft
and corresponding angles of inlet valve closure delay

Fig. 3 shows the laws of reduction ratio j"* 5,/ ‘(q,z),
/M2 corresponding to the mentioned angular rates.
During realization of this method at maximum modes
of operation with high frequency of engine shaft rota-
tion, the inlet valve drive shaft (the camshaft) must be
evenly rotated, providing the camshaft with the angular
rate w,, proportional to the angular rate w, of the crank-
shaft

W) = Jj, ®y,

and at partial modes the camshaft must be rotated
unevenly

W) = jip2) ;-

Unevenness of the considered rotation of the cam-
shaft at reduction of rotations of the engine crankshaft
increases or may remain unchanged.

To realize the described method of control it is pro-
posed to use a camshaft planetary-lever controlled drive.
A schematic kinetic diagram of the device is shown in
Fig. 5.

A planetary-lever-actuated clutch (PLC) is installed
in the drive of the engine camshaft and is intended for
the change of the angular rate of rotation of the cam-
shaft (inlet valve drive shaft) depending on the speed
mode of engine operation. The planetary-lever-actuat-
ed clutch has a simple construction arrangement and
high reliability. It performs the functions of infinite
change of maximum reduction ratio j,,,, optimal in the
range from 1 to 2.5—3. Value j,,,, can be regulated man-
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Fig. 5. A schematic kinetic diagram of the planetary-le-
ver drive

ually (to provide the regulating intensity of the input
during bench test of the engine) or by means of an ad
hoc automatic regulator, or by a throttle plate from the
control lever at a fired engine.

A planetary-lever-actuated clutch (PLC) consists of
two planetary mechanisms without sun gears. On the
driving spider 7 of the first planetary mechanism and the
driven spider 2 of the second planetary mechanism sat-
ellites 3 and 4 are installed in the holes, the satellites are
geared with crown gears 5 and 6, located in parallel sur-
faces coaxially with each other. On satellites 3 and 4 at
equal distances from their rotation axes hinged joints 7
and & are installed, they form cranks in relation to the
axis of satellites rotation and are connected with each
other by rigid rod 9. Crown gears with internal girth gear
are installed in sockets of stationary body /0 and have
locks 11 and 12 preventing turning-through. The angle
of rotation of the crown gears is changed by manual or
automatic regulation of value j,,. The character of
movement of the driven spider and links of the hinge-
lever chain ABCD is determined by value 6 of relative
angular shift of the crown gears. At certain position of
locks 71 and 12 (corresponding to values & = 0) of the
output (I) and all the following (II, III, etc.) configura-
tions of the chain ABCD will make parallelograms
(Fig. 6, a), and spider 2 will move synchronously with
spider 1, i.e. here w, = wy, j,..c = | rotation will be per-
formed evenly.

After rotation of gears 5 and 6 the initial configura-
tion will be distorted and take the form shown in
Fig. 6, b. In this case, when spider / rotates, spider 2 will
catch up with it at some sections, and fall behind at oth-
er sections, i.e. it will rotate unevenly.

The period of change of the angular rate w, of the
driven spider (camshaft) is determined by reduction ratio
i, of the gear transmission satellite — crown gear (when
the spider is stationary), i.e. by relation of corresponding
reference diameters Dy, and d,, according to formula

AD = 360°/i.
It follows from this formula that for a two-cylinder
engine the diameter of the crown gear is to be twice as

big as the diameter of the satellite, for a four-cylinder
engine it must be four times as big, etc.
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Fig. 6. Scheme of location of PLC hinge-lever chain
links:
a—0=0,b—-06#0

Period A®; of the change of the regulating angle 0 is
also A®. Fig. 7 explains this determination.

Fig. 7. Scheme of location of the links of the hinge-lever
chain of the planetary-lever clutch during in-crease
of 0 from 0to @

Change of the ABCD chain configuration with in-
creasing O from 0 to @ is shown here (turn of crown gear
6 at stationary crown gear 3, Fig. 5). The latter configu-
ration coincides with the initial one, so A@; = AQ.
However, at values 6 ZACD/ 2 reduction ratio starts to
reduce (at 6 = AD, j...= 1), so this part of the range of
angles 9 is not used during PLC operation.

The analyzed PLC has a simple kinematic scheme
and is an integrated mechanism in which the law of re-
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duction ratio depends on the choice of a small number
of structural parameters. In fact, at the assigned it only
depends on two structural parameters

X =e =|AB|/|A0|;
X,=e= |BC|/|A0|,

and two regulating angles 8, and 0, of rotation of crown
gears.

Conclusions. Application of the proposed method
and device for control of the angular rate of rotation of
camshaft (inlet valve drive shaft) in four-cycle internal
combustion engines provides the possibility: to perform
infinite control of the angle of inlet valve closure delay at
a fired engine; to provide optimum weight charging of
the cylinders with fuel mixture or air depending on the
operation mode of the four-cycle engine. The following
stage of this work consists in development of methods
for kinematic calculations of rational parameters of
camshaft planetary-lever controlled drive.
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Merta. BuHaiineHHs1 MOXKJIMBOCTI Ha MpaLlOI0uoOMy
JIBUTYHi O€3CTYIiHYacTOro KepyBaHHsI KyTOM 3arli3-
HEHHS 3aKPUTTS BIYCKHOTO KjlaraHa YOTUPUTAKTHOTO
JIBUTYHA BHYTPIllIHHOTO 3TOPSIHHS JIs1 TiABUILLEHHS
BaroBOTO HAITOBHEHHSI LWIIHAPIB 32 paxyHOK METOILY
0e3CcTyIiHYacTOl 3MiHU KYTOBOI IIBUAKOCTI PO3IIOIiJIb-
YOro Bajia B KiHLIi (pa3u BITyCKY.

Metomuka. Po3po6ieHa aHaliTUYHA MOIEIb BU-
3HAYCHHS 3aKOHY MUTTEBOTO IepeIaBaIbHOTO BiTHO-
LIEHHS j4) 1 3aITPOITOHOBAHO BaJl TIPMBO/Y BITyCKHOTO
KJlarnaHa obepTaTh HEepiBHOMIpHO, 3MiHIOIOYM HEpiB-
HOMIipPHICTb MOCiZOBHO 0€3CTyMiHYaCTO. 3MiHY BEJIM-
YMHU HEPiBHOMIPHOCTI 3MiiiCHIOIOTH 3CyBOM (ha3 1BOX
IICHTUYHUX TMEePiIOAUYHUX 3aKOHIB HEPiBHOMiIpHOIO
o0epTaHHS.

Pe3ynbTaT. HaBeneHo KpuBY JIiHilO, IO MOSICHIOE
XapakTep 3MiHU MepeIaBalbHUX BiTHOIIECHDb MiX PO3-
MOJITBYUM BaJIOM i KOJIIHYACTUM BaJIOM YOTUPUTAK-
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THOTO YOTUPULIMJIIHIPOBOTO ABUIYHA, 3 PIBHOMipHU-
MM TIPOMIKKaMU TI0 KyTy TTIOBOPOTY KOJIiIHYACTOTO Bajia
MOMEHTIB MOYaTKy Mojadi roprouoi cymilii abo moBi-
Tpst B unTiHApH. [ToKasaHi KpEBi 0™ 4y), @), © 42
10 MOSICHIOIOTh BEJMYMHY 3MiHU KYTOBOI IIBUJIKOCTI
o0epTaHHS PO3MOIIIbYOro Bajia (Baja MPUBOAY BITyC-
KHOTO KJIarnaHa) JJIs1 MaKCUMaJIbHOTO PEXUMY pOOOTH
JIBUTYHA BHYTPILIHBOTO 3rOpsIHHS (@,™™) i ABOX LIBUI-
KiCHUX peXuMiB (w,' 1 w,') Ha 3HMKEHUX 3HAYEHHSIX
4acTOT 00epTaHHA ioro Bana (w,™> w,).

HepiBHOMipHiCTb pO3IJISTHYTOrO OOEPTaHHS PO3IO-
JIJTbYOTrO BaJla TIPY 3MEHILIEHHI 006€pTiB KOJIIHYACTOTO
Bajia JBUTYHa 30iIbLIYETBCS a0 MOXE 3aJMILATUCS
HE3MiHHOI0. 3ampoIroHOBAHO BUKOPUCTOBYBATH IS
NpUBOJA PO3MOALILYOrO Bajla MlaHeTapHO-BaXKiJIbHUMI
KEpOBaHUM TPUBOJ, HaBelcHAa KiHEMaTU4YHA CXema
MPUBOJIA.

HaykoBa HoBu3Ha. Po3po01eHO MeTO MiaABUILIEHHS
BaroBOro HAINIOBHEHHSI LIWJIIHAPIB IBUTYHA 32 PaXyHOK
0e3CTyIiHYaCTOl 3MiHM KYTOBOI IIBUAKOCTI PO3MOIiTb-
YOro Bajia B KiHIIi (ha3u BIYCKY i1 6€3CTyIiHYAaCTOro Ke-
pYBaHHS KyTOBOIO IBUIKICTIO OOepTaHHS Bajia IPUBO-
Jla BITyCKHOTO KJIalaHa, 3alpoOMOHOBAaHA KiHeMaTUYHa
cXema 3JIBOEHOTO TJITAHETAPHO-BaXKiJIbHOTO TTPUBO/IA.

IIpakTnyna 3nayumicTs. BripoBaakeHHS Ha ABUTY-
HaX BHYTPIIITHbOTO 3TOPSTHHSI CITOCOO0Y 1 MPUCTPOIO Ke-
pYBaHHSI KyTOM 3alli3HEeHHSI 3aKPUTTsI BITYyCKHOTO KJla-
MaHa Ta po3po0dJeHUM METOAOM YIPaBIiHHS KyTOBOIO
IIBUIKICTIO 0OepTaHHSI Bajia MPUBOJA BITYCKHOTO KJ1a-
rnaHa Ja€ MOXJIMBICTb 3MiMCHUTH OE3CTyIiHYACTe yII-
paBJIiHHS 3aJIEXHO BiJl pexkuMy poOOTH Ha MPaIflo0do-
MY IBUTYHi. A 'y a3i BmycKy 3a0e3MeuyuTy ONTUMasb-
HUI KyT 3ami3HEHHS 3aKPpUTTSI BIYCKHOTO KJjanaHa i
MiIBUIIATA BaroBe HAIOBHEHHS LWJIiHIPIiB TOPIOYOIO
CYMIIIIIIIO a00 MOBITPSIM HA CePeqHiX i HUXHIX 4acTo-
Tax IIBUIKICHOTO Jlialla30Hy ABUTYHA.

KimowoBi cnoBa: womupumaxmuuii deueyH, po3no-
dinvuuil an, 6acose HANOBHeHH YUAIHOpIS, (ha3za 8nycKy,
8NYCKHUII KAANAH

Ieas. HaiiTu BO3MOXHOCTH Ha paboTaloleM JBU-
rateje OeccTyneHYaTo YIpaBJsATh YIJIOM 3ara3abiBa-
HUS 3aKPBITUSI BITYCKHOTO KJIallaHa YeThIpeXTaKTHOTO
JIBUTATEJIST BHYTPEHHETO CrOpPaHMs IS ITOBBILICHUS
BECOBOTO HAMOJHEHUSI LUUJIMHAPOB METOAOM OeccTy-
MEHYaTOr0 M3MEHEHMUS YTJI0OBOM CKOPOCTH pacripeaBa-
Jla B KOHIIE (a3bl BITyCKa.

Metoauka. Pa3zpaboraHa aHajauMTUYecKask MOJAEIb
oIpele/ieHUsT 3aKOHa MTHOBEHHOTO TIepedaTOYHOTO
OTHOILUEHUS /4,7y ¥ IPEIUIOXEHO BaJl IPMBO/A BITYCKHO-
ro KJIallaHa BpallaTh HEpaBHOMEPHO, U3MEHSIST HepaB-
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HOMEPHOCTh IIOCIIeAOBaTeIbHO, OeccTymeH4yaTo. M3-
MEHEHHE BEJIMIMHBI HEPAaBHOMEPHOCTHU OCYIIIECTBIISI-
10T CIBUTOM (hba3 ABYX MACHTUYHBIX TIEPUOINICCKIX 3a-
KOHOB HEPaBHOMEPHOTI'O BpallleHUs.

Pe3ynbratel. [IpuBeneHa KpuBasi JMHMS, KOTOpas
OODBSICHSIET XapaKTep U3MEHEHMS ITepeIaTOYHbIX OTHO-
LIEHUA MEXIY PACIpPEeNBaJOM U KOJEHYATHIM BAJIOM
YETBIPEXTAKTHOTO YEThIPEXIIMIMHAPOBOIO JABUTATEIS,
C paBHOMEPHBIMU MPOMEXYTKaMM IO YIJIy ITOBOpOTa
KOJIEHYATOTO BajJla MOMEHTOB Havajia Tiolauul roproveit
CMeCU WJIM BO3AyXa B LMJIMHIAPHL. [lokazaHbl KpUBbIE
O™ (42> @' (g2)» @ (42), KOTOPBIE OOBSCHSIOT BEIMIMHY
M3MEHEHUS YTII0BOM CKOPOCTH pacipeaBaa (Baia mpu-
BO/Ia BITYCKHOTO KJIaITaHa) JJIT MAKCUMAaJIbHOTO PEXKM-
Ma pabOTHI ABUTATEJIs] BHYTPEHHEro cropanus (w,™*)
U JIByX CKOPOCTHBIX PEXMMOB (,' ¥ @,') HA CHUXEH-
HBIX 3HAYEHUSIX YaCTOT BpallleHus ero Bayia (@, > 2‘).

HepaBHOMepHOCTH paCCMOTPEHHOTO BpallleHUsI pac-
npeaBaja Mpu YMEHbIIEHUU OOOPOTOB KOJIEHYATOIO
BaJjia IBUTATEJIsl YBEJIMUMBACTCS UJIM MOXKET OCTaBaThCsl
Hen3MeHHOM. [TpenokeHo UCIoJIb30BaTh JIJIsT TPUBO-
J1a pacrpeaBajia INIaHETAPHO-PbIYaXKHbIN YITpaBJIsieMblid
TIPUBOJI, MPpUBEIeHa KUHEMaTUIeCcKasi cxeMa MpuBO/a.

Hayunas HoBusna. PazpabotaH MeTon MOBBILIEHUS
BECOBOTO HAITOJTHCHUS LWJIMHIPOB ABUTATEIIS 33 CUCT
OECCTYIIeHIaTOro M3MEHEHMST YIJIOBOII CKOPOCTH pac-
IpeaBaja B KOHIE (a3bl BITyCKa M OECCTYIIEHYAaTOrO
yIIpaBJICHMS YTII0BOI CKOPOCTHIO BpallleHUSI BaJia IIPH-
BOJa BITYCKHOTO KJIarlaHa, MpeaIoKeHa KMHeMaTuie-
CKasl cxeMa CABOEHHOTO IIaHEeTapHO-PhIYaXKHOTO MPU-
BOJA.

IIpakTyeckas 3Haunmocthb. [IprMeHeHWe Ha TBU-
raTesisix BHyTPEHHETO CropaHus criocoba 1 yCTpoicTBa
yIpaBJieHUST YIJIOM 3arla3ablBaHUsI 3aKPBITHS BITYCK-
HOTO KJIallaHa U pa3paboTaHHBIM METOIOM YIIpaBJie-
HMS YIJIOBOM CKOPOCTBIO BPAIICHUS Bajia IIPUBOIA BITY-
CKHOTO KJIallaHa TaeT BO3MOXHOCTh OCYIIIECTBUTH OeC-
CTYIIeHYATOE YIIpaBJICHHE B 3aBUCHUMOCTU OT PEXMMa
paboTH Ha paboTaroleM ABUraresie. A B (pa3e BIycka
00eCIIeYnTh ONTUMAJIBHBIN YroJl 3ama3dbIlBaHUs 3a-
KPBITUST BITYCKHOTO KJIarlaHa U TTOBBICUThH BECOBOE Ha-
MOJHEHNE LIMWJIMHIPOB Troproveil cMechblo WU BO3MY-
XOM Ha CpeIHUX U HUKHUX YaCTOTaX CKOPOCTHOTO M-
arra3oHa JBUTATEJIs.

Karouesnie caosa: uemvipexmaxmmulii dgueamens, pac-
npedeaumenbHblil 84, 6ecO080e HANOAHEHUe YUAUHOPOS,
¢aza énycka, 6nyCcKHOU KAANAH

Pexomendosano 0o nyobaikayii dokm. mexH. HayK
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